A method in Ising models is introduced by using the effective field theory (EFT) with correlations. In the present method, for the spin-1 Ising ferromagnetic systems with three coordination numbers q (q ¼ 3; 4 and 6), we have derived a set of linear equations by taking as a basis the thermal averages of a central spin and a perimeter spin at the site i, which is defined within spin identities and differential operator technique. By solving numerically the set of linear equations derived individually for the Ising systems, we have evaluated the phase diagrams of both the spin-1 Ising ferromagnetic systems with a single-ion anisotropy and the spin-1 transverse Ising ferromagnetic systems with a transverse field. The present results of critical transverse field for the spin-1 transverse Ising systems improve those obtained by the pair approximation.
system: (i) the correlations depend only on the distance between the spins, (ii) the averaged value of a central spin and its nearest-neighbor spin (it is labeled as the perimeter spin) is equal to each other and (iii) the matrix representations of spin operatorŜ S in the spin-1 Ising system have the properties ðS 
If (13) is written in the form of a 21 Â 21 matrix and solved in terms of the variables x i ði ¼ 1; 2; . . . ; 21Þ (e.g.,
2 0 i) of the linear equations, all of the spin correlation functions can be determined easily as a function of the temperature, the effective field, and single-ion anisotropy parameter, which the other studies in the literature do not include. Since the thermal average of the central spin is equal to that of its nearest-neighbor spins within the present method, the unknown parameter h can be determined numerically by the relation
For any value of single-ion anisotropy parameter D J , the parameter h can be obtained numerically from (14) . The parameter h is very small at the critical temperature k B T c J , i. e., in the limit of h ! 0 the coefficients a 1 , a 2 , a 3 , b 1 , b 2 and b 3 are given by (15) into (14) at D J ¼ 0, one can find the critical temperature numerically [16] and Jiang et al. [17] , and the anti-Curie point (or unphysical point) has not been observed, but it has been seen in the Bethe-Peierls approximation at a low temperature [18] . This may be due to the statistical accuracy of the present method. At fixed values of D J ¼ À1:4519; À1:0; 0:0; and 1:0, the temperature dependence of hS 0 i (it is labeled as the magnetization m ðm 0 ¼ m 1 ¼ mÞ) is plotted for the system with q ¼ 3 in Fig. 2 . Now, by following the same procedure as that of q ¼ 3, one can find the basis relations which correspond to (4), (7), (9) and (12) for q ¼ 4. They are defined in the appendix. Taking as a basis the (23), (24), (25) and (26), we have derived a 34 Â 34 matrix in terms of the one, two, three and four spin correlation functions, which interact in the system. Finally, for the spin-1 Ising system with q ¼ 6, we have obtained a 69 Â 69 matrix in terms of the one, two, three, four, five and six spin correlation functions. The system (q ¼ 6) has the coefficients k i ði ¼ 1; 2; 3; . . . ; 12Þ and the l i ði ¼ 0; 1; 2; . . . ; 15Þ. Since the temperature dependencies of the magnetizations for the systems with q ¼ 4 and q ¼ 6 at fixed values of anisotropy parameter D J are similar to the result of the magnetization obtained in Fig. 2 , they are not shown in figure.
As shown in Fig. 2 , when the value of D J is lower than the value of the tricritical point D t J , the magnetization has not been observed, but it has been seen in the expanded Bethe-Peierls approximation at a 
Spin-1 transverse Ising model
The formulation in Section 3 can be applied to the study the phase diagram in the spin-1 transverse Ising system with a certain value of q, by using the exact expressions of Van der Waerden identity [14] for S ¼ 1. The Hamiltonian of the system is given by
where the first summation is over the nearest-neighbor pair of spins, W is an applied transverse field and S w i ðw ¼ z and xÞ are the spin-S operator. In this section, we shall discuss the transverse Ising models with spin-1 on the basis of introduced differential operator technique [2] via the formulation introduced in Section 2. As given in [14] , the longitudinal and transverse site magnetization for the spin-S transverse Ising model are by taking MFA [1] MC [6] EFT [2] EBPA [13] present work The solid, dashed, and dotted curves represent, respectively, the results of the present method, the DA, and the EFT.
and
where q is the coordination number and the functions F S ðxÞ, H S ðxÞ and G S ðxÞ also depend on the spin value S. They are given in appendix for S ¼ 1 Now, by using the related functions which are given by (27), (28) and (29), and in the limit of the h ! 0, by solving numerically (14) and the self-consistent relations corresponding to (14) Table 3 . We have compared them with the various approximation methods found in literature. As seen in Table 3 , the values of critical transverse field W c J of the present work improve those obtained by the other approximation methods given in the same table.
Conclusions
A method within the framework of the effective field theory has been proposed, with which we have studied the spin-1 Ising model (or the BC model) on two dimensional honeycomb, square and triangular lattices. By this method we can obtain easily multispin correlation functions without using a kind of decoupling approximation, so it was found that the critical temperatures of systems with two coordination numbers q (q ¼ 4 and 6) are much closer to those obtained by the expanded q EFT [21, 22] new type of cluster theory [10] DA [11] [22] tained by the formulation on honeycomb lattice (q ¼ 3) are lower than those obtained by the EFT, BA, and DA. Furthermore, our results (the solid line) does not exhibit a peculiar behavior in the vicinity of D J ¼ 1:0 as in the decoupling approximation [11] for q ¼ 3. As it is seen from the Fig. 3a-c, when the value of D decreases from D J ¼ 0:0, all curves exhibit a similar behavior in comparison with those of the DA and the EFT.
The present method can be applied to the spin-S transverse Ising ferromagnetic systems. The present method gives the results of the critical transverse field for the spin-1 transverse Ising systems better than those of the pair approximation as well as the decoupling approximation, and these values of W c J improve those of the pair approximation. We hope that this new method will be potentially very useful for studying and understanding more complicated Ising ferromagnetic systems in the presence of the single-ion anisotropy and transverse fields.
